MeHA 3D microniches was prepared as we described before 1 . Briefly, MeHA hydrogels with microwells were produced by photopolymerizing MeHA against a silicon master, cell-adhesion proteins (fibronectin, 100 µg/mL) could be selectively coated into microwells, the shape of microwells could be well-controlled by controlling the shape of photoresist on silicon master. Prior to seeding, the hydrogel was inverted and placed on a polyacrylamide (PAAm) gel containing PLL-g-PEG (SuSoS surface technology, 1 mg/mL). The positively charged surface of the hydrogel was made into cell resistant by the negatively charged PLL-g-PEG coating. After encapsulating single cells in microwells, a permeable MeHA hydrogel cover was used to envelop single cells in microwells, this step could eventually achieve a real 3D microniche environment with cell-adhesive sites in all dimensions for single cells.
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Hydrogel mechanical characterization
Different concentrations of MeHA were used to obtain gels with different stiffnesses. In this study, 2, 10 and 15wt% MeHA in PBS were used for fabricating soft, intermediate and stiff hydrogel. The stiffness of hydrogels was measured by atomic force microscopy (AFM) [2] [3] hMSCs culture and seeding in 3D microniche hMSCs were purchased from Lonza and used at passage 6 for all experiments in this study. Cell culture medium contains DMEM low glucose (Gibco) supplemented with 10% FBS (Gibco), 1% L-glutamine, and 1% Pen/Strep (Thermo fisher scientific). All materials and cell culture reagents were either sterile filtered or UV sterilized prior to cell culture. Cells were seeded in 3D microniches at a density of 2500 cells/cm 2 . After 15 min incubation, the MeHA hydrogels were washed several times with cell culture medium to remove non-adherent cells, and placed on top of a flat MeHA hydrogel.
Immunostaining and imaging
After 12 hours culture, hMSC cells in 3D microniches were fixed with 4% paraformaldehyde (Sigma) for 10 min. To make sure the staining dye could fully penetrate into the cells, the MeHA hydrogel lid of the microniches was carefully removed after fixation, followed by permeabilizing with 0.2% Triton X-100 (Sigma) for 10 minutes, washed with PBS, and blocked with 1% bovine serum albumin (BSA) in PBS for 1h. Cells were then stained with phalloidin tetramethyl-rhodamine B isothiocyanate (TRITC) (Millipore, R415, 1:1000 in 1% BSA) to visualize F-actin, anti-vinculin (Abcam, AB18058, 1:500) for FAs, anti-1 integrin (Abcam, ab30394) and YAP/TAZ (Cell signaling, D24E4, 1:500) , after 1h incubation, cells were washed with PBS and stained with DAPI (Millipore, 1:1000 in 1% BSA) and secondary antibodies for 1h. Fluorescent images were obtained using a Leica SP8 inverted confocal microscope.
Microscopy image analysis
All image analysis was performed using Fiji (NIH). All confocal images were taken with different z-stacks (1 μm between stacks) and overlaid in Fiji software with Image 5D plugin. For quantitative analysis of the F-actin fluorescence intensity, images were taken by confocal microscope with photon counting mode to make sure camera settings were identical. Quantification of YAP/TAZ nuclear localization was performed manually.
Statistical analysis
Significance of differences throughout this study were tested using one-way analysis of variance (ANOVA) with Tukey post hoc correction with *p < 0.05, **p < 0.01 and NS: p > 0.05. Figure S1 . Bright-field image of the MeHA hydrogel containing microwells with different geometries. Overlaid image was generated by merging all images taken from z-stacks into a single stack.
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